We consider lepton flavor violating Higgs decay, specifically h → µτ , in a leptoquark model. We introduce two scalar leptoquarks with the SU (3) c ×SU (2) L ×U (1) Y quantum numbers, (3, 2, 7/6) and (3, 2, 1/6), which do not generate dimension-4 operators mediating proton decay. They can mix with each other by interactions with the standard model Higgs. The constraint from the charged lepton flavor violating process, τ − → µ − γ, is very strong when only one leptoquark contribution is considered. However, we demonstrate that significant cancellation is possible between the two leptoquark contributions. We show that we can explain the CMS (ATLAS) excess in h → µτ . We also show that muon (g − 2) anomaly can also be accommodated.
I. INTRODUCTION
Leptoquarks (LQs) are scalar particles which carry both baryon and lepton numbers [1] .
They appear in gauge theories with "unified" gauge groups, such as Pati-Salam model, SU(5) grand unification, etc.
Since LQs are strongly interacting particles which can decay semileptonically, their masses are strongly bounded by the LHC experiments, such as ATLAS and CMS. For the thirdgeneration scalar LQs, the ATLAS group excludes the mass in the range m LQ < 625 GeV and 200 GeV < m LQ < 640 GeV at 95% confidence level (C.L.) based on their 8 TeV data, assuming 100% branching fractions into bν τ and tν τ , respectively [2] . On the other hand, the CMS group had reported various 8 TeV bounds at 95% C.L. on m LQ as m LQ > 740 GeV, m LQ > 650 GeV and m LQ > 685 GeV with assumptions of 100% branching fractions into bτ , tν τ and tτ , respectively [3, 4] .
We note that the CMS excess of eejj and eνjj [5] can also be interpreted as a signal of the first generation LQ with mass about 650 GeV. An example of detailed study of LQ models for the excess can be found in [6] .
In the standard model (SM), lepton flavor violating (LFV) Higgs decay channels are absent at tree level and highly suppressed by small neutrino masses and the GIM mechanism at loop level. Therefore, once they are observed with sizable branching fractions, they which deviates 2.4σ from zero [7] . Here, µτ means the inclusive final state consisting of does not show a significant deviation from the SM [8] , it is at least consistent with the CMS result. If confirmed by the future data at LHC Run II which can probe down to ∼ 10 −3 , it would be a clear signal requiring new physics beyond the SM. There are several model-independent [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and also model-dependent studies [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] to accommodate this deviation.
The theoretical and experimental sensitivity of the anomalous magnetic moment of the muon, i.e. (g−2) µ , has reached to probe the electroweak scale. State of the art calculations in the SM cannot explain the experimental result, and there is about 3σ discrepancies between them [39, 40] :
which also calls for new physics models.
In this paper we consider a LQ model as an explanation of the LFV Higgs decay, h → µτ and muon (g − 2) anomaly. Considering the proton decay constraints, only two types of SU(2) L doublet leptoquarks are favored. We assume both of them are realized in nature.
We first show that a strong constraint from τ − → µ − γ can be alleviated significantly due to cancellations between the top and bottom quark contributions. 1 We show that there is allowed parameter space to accommodate the h → µτ anomaly and (g −2) µ . A smoking gun signal which distinguishes our model from other models would be the direct LQ production at colliders. A promising signature at the LHC is the pair production of LQs decaying into a quark and a lepton, where the decay pattern is so characteristic. Especially, components with +2/3 electric charge, named as Y 1 and Y 2 later, should be relatively light and couple to the bottom quark, the electron and the muon for the explanation of the excess in h → µτ and the muon (g −2) with circumventing the bound from τ − → µ − γ. Therefore, the smoking gun final states in our model are bb τ − τ + and bb µ − µ + .
The paper is organized as follows. In Sec. II, we introduce our model. In Sec. III, we consider τ − → µ − γ constraint. In Sec. IV, we consider h → µτ signal. In Sec. V, we show that we show that we can accommodate (g − 2) µ . In Sec. VI, we summarize and conclude.
II. THE MODEL
Among the possible LQs which have renormalizable interactions with the SM fermions, only R 2 and R 2 in the notation of [1] do not have problem with the constraint from the proton decay within renormalizable perturbation theory [6, 41] . They are in the representation R 2 (3, 2, 7/6), R 2 (3, 2, 1/6), (II.1)
1 Note that similar discussions in the context of LQs are found in [30, 36] .
Assuming both of them exist in nature at renormalizable level, they interact with quarks and leptons via the interaction Lagrangian
where we have suppressed color indices and ǫ (≡ iσ 2 ) is the two-by-two antisymmetric matrix with ǫ 12 = 1. The scalar potential is given by
and a cancellation occurs between m 
where φ is a new singlet with a large vev as φ > Λ.
Although there is no apparent symmetry which leads to the mass ratio m Y i ∼ m V /6, the UV complete grand unified theory (GUT) or flavor theory into which our low energy effective theory is embedded have larger symmetry and we expect they guarantee the mass ratio without fine tuning. The high energy theory will also generate the dimension-five operators in (II.10). 
In this section, we consider the constraints from the charged lepton flavor violating processes. Since we are interested in 2 ↔ 3 transitions, we restrict ourselves only to τ − → µ − γ decay. Our study can be applied to other LFVs, such as µ
similarly. However, we assume they are sufficiently suppressed by small LFV couplings.
The effective Hamiltonian for τ − → µ − γ is written as
where C 
where N c = 3 is the color factor, x = m 
The branching ratio of τ
where τ τ = 87.03 µm is the lifetime of τ . The current experimental bound is [42] 
This corresponds to 
In Fig. 2 , the values of the ratio (λ 
IV. h → µτ
The lepton flavor violating Higgs decay is evaluated from the Feynman diagrams shown in Fig. 4 . The divergence in diagram Fig. 4 (a) cancels those in Fig. 4 (c), (d) , and the total result is finite, generating the dimension-four effective operators
The dimensionless effective couplings C R,L are calculated to be respectively. But here, no sizable cancellation emerges between terms being proportional to m t and m b when we adjust parameters for realizing the cancellation in τ − → µ − γ. We ignore the apparently irrelevant terms being proportional to m τ or m µ , which arise from chirality flips in the external lines. The loop functions are
where
) and ε represents an infinitesimal positive value. 4 The form of the partial width Γ h→µ − τ + is described by use of the Wilson coefficient C R and C L in Eq. (IV.1) as
with the kinetic factorβ
while that of the conjugated process Γ h→µ + τ − is straightforwardly obtained by the replace-
The inclusive width Γ h→µτ is simply defined as
We use the value Γ SM h = 4.07 MeV in m h = 125 GeV reported by the LHC Higgs Cross Section Working Group [43] for evaluating B(h → µτ ) in our model.
In the following analysis, as we did in the τ − → µ − γ in Sec. III, we adopt the assumption of C L = 0. Among many terms in (IV.2), the two terms in the first line, i.e., the top-quark contribution in Fig. 4 (a) dominates and we ignore the bottom-quark contributions in the following numerical estimation. In Fig. 3 , we show the 2σ range to explain the excess in The discrepancy
is believed to come from new physics contributions.
However, we should also keep in mind that there is a possibility that the discrepancy (or part of it) comes from underestimated uncertainties in hadronic part, for example, in hadronic light-by-light scattering. Lattice calculations [46] [47] [48] as well as calculations using dispersion relations [49] [50] [51] will reduce the hadronic uncertainties in the future.
In our model the leptoquark contribution to (g − 2) µ is given by compared to the one-loop diagram.
VI. CONCLUSION
In this paper, we considered the recent CMS excess in h → µτ and the muon (g − 2)
anomaly. We showed that we can accommodate both discrepancies by introducing two leptoquarks R 2 (3, 2, 7/6) and R 2 (3, 2, 1/6) that are free from proton decay problems at renormalizable level. The constraints from lepton flavor violating process τ − → µ − γ can be evaded by a natural cancellation between leptoquark contributions with some tuning on , where their orders can be the same. When the cancellation is realized, sizable couplings contributing to h → µτ are allowed and then we give a reasonable explanation on the excess. The (g − 2) µ anomaly is also explained. Finally, we mention that various kinds of other anomalies in flavor physics have been reported [55] [56] [57] [58] [59] [60] . Giving a more exhaustive explanation in the context of leptoquarks would be an important task [61] .
